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!l’he ha] ogen oxi d.c’s f:}1C)W7 :1 qr[.>at va. rj ati oTI in structural

parameters and other ])hy::,i CF;ll :i:: we] 1 as ChCIII; c:a:l properti es .

C)ver a dozen chl ori ne oxi <its a] c: known , many of them quite

we] 1 c:harac:t,  eri ZCCI; f (.XW(I br c)Ini IIe ox 5 des arc knc)wn , and their

propert.i es are not as cxt c’nsi VC. I y st udi ecl . ‘] ] l<ec:ent.1  y the

chl ori ne ancl bromi ne oxi (“jc~s have? att ract.cci co]~si dcrabl e

at,~e~]tion bec!ause of Lhc, i:t i][p:l :ic<]ti on ir~ rc:lc. t.ion cycles;

leacling to the clest. ruc.:ti  011 c)f (il..mospll~~i c OY, C)IIe . of par~i~u]ar

import ante are Lhe cat al yt i c c:y{; ]c:s i nvolvi]]q C] O and BrO.

Recently, bromine c_ii ox i (i[, C)l’ro, has beer] ohs[rveii i n the

bromi ne sensi Lized phot oc’ic,co][pc):;i  t.. io]l of ()., . ‘:” “]

Bromine di c)xi de was :( i rst. report ed by SC:} Iwar-z, and

Schmci Rer as an egg- YLI 1 OW dcpo:.:i t. f rol[~ a }3r:, /02 di scharge . [41

~’hc st oichi omet. ry W<IS: d[(i~lce(~ I-):Y qua]l~i tat i v(: anal ysi s , and

the product, clecc)mposcc”i  ~ a] )i d~l y tlbove 0“(: . 1 tat [’r , Schmei f3er and

Jorger reported the s:, lme c.c]m~.)c)~nid  as a prc)c]uc:t of the Br2

07,0nc)l ysi s in CC)OI ed [:c I :,11’ sc)lut ioI1. ‘“] ‘l’he SCppel L group,

howevc~r, obtained si]If Jl c <:yys;t.i;l s of orange };r203 [6] and

color] ess Br20~[7] frolrl tl~at react. i on ))u L f ou]]d no evi dence for

mol ec:u]. ar OBrO. OBrO was (ict ec:t ecl during mas:; spectroscopic

invest iga~i ons of the O + l!r2 rc act. i c)n syst. cwl, ‘8] I+; ,SR studies of

X- ray i rradi ated perh:r-o]r[z;t c’s, ‘S] ancl lJV/vi s sl)cct.rc)scopi  c

invest igati ons of the’ HI ~ ().j IC act i on syst PI[]. ‘2’ “] ‘l’he vj[~o] and

~3[lo, 111 ~,t r<:~chj  nc; f l]]lcj;~]ll~>]]l..<in]  :: we~”c’ Obsc!:rved iII Ar matrices .

We have observed LIJC Y c)t tit i o~)al spect r~]]{l of t he triat.omi c
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oxi de C)Hro i n the mi j I ~ met c:r - ;Illd $;u))mj I 1 i met (’r- wave regi Ons

usi ng the spect-remet.c’] dc~ic:ri bec.1 i n ]-ef . [12:[. We report. here

the rcJt_at, i c)nal and c~u;lrt i c cent :r-i f ugii] collst. aTlts as we] 1 as

the (ierivecl rO struct UT e :iT]d  h<il mc)]]i c forc:c f i e] d.

‘J’he reacti on prc](iuct s; oi aII 02 (ii ~;cht-~rgc- p] us Br2 were

condensed c)n t-o the w<lI 1 [)~ t he mi cr(~wtivc al)$c~rpti on ce] 1 at

- 20°C. After Lhe f 1 ow c)f (), a]Jc] l-lrj w:i. s stc)pped, spectra of t_he

vapor were recorded wl]i 1 c ])u[[lpi TlCJ on t.}]c coI]c3c1Jsat-e . The

ident. i ty of the proc~u(’L  c~I) t_he wa] 1,s is; rJC)t. (TI c’ar . 1 L mi ght be

C)BrO, a more compl ex 1 ):rc)llli  IJe c)x.i cle, c)I’_ a Ini x(ure c)f Oxi des

~ha~ d~CoIq:)ose S1 OWII y t.CI >~~ ~1 Cl OE~~-O . At, 1 C)W ( cmperatures ( --

- 20T) anti pressures ( (} .1 }’a) es:;crjt.i ally a] 1 absorpti on

features wc>re due to OIITO, a] t.lJough weak f eat urc!s of BrO were

al so seen. The amount of ol~ro” i l]crea:;ed ~it lIi gher temperatures

bec:ause of a 1 a:rger V?lPCJT I)rcs:ure 0] an erlllt~.~lced

decomposition of i ts ])rcc~l~sc)r. ~’he l\ro/()}{r() J at. i o i ncreased

as WC] 1 , possibly b[>c~ti~]~;( of dcccmpo::i Lj c)n of ()}\rO. Strong

aborpt i ons of 13r20 we:t c al so sc<n tit. higher p~cssures (reduced

f ] ow rate) and higher t.clll]~(’rat  wr’es .

‘J’he OBrO rc)t, ati  oIIal spec’t.  ] urn i s that c)f il C2V molecul e i n

the 2117 elect,roni c <~ I” C) UrJ(”j st ate, as i s t.h;it.  of ()(:1 (). 1 n

general , each rc)t. at. i oIIal t Yarlsi 1. i c)n ; s obserl~abl  e as a doubl et.

of quartets . This is .i 1 l~)sitrat.ed  in Figure 1 f c)r a t.ransiti on

having rather smal 1 SI)I i t t ings . l’he doub] CL:; i n<iicate the

presence of an unpai red c1 cct roli, Lhc quartet s: arc due t-o one
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nuc:l cus wi t.h spin 3/2 (“’!’~~~ OT ~ ‘]’\r) . A 1 arge ]]umber of 1 ines

has been observed resul t ~ ng i T-J t..he p] ec:i se cict ermi nat. i on of

ro~at. i ona:l , centri fugtil <ii f;t-ort i on, fill(?, a~]c-i Rr hyperf ine

structure c:ons~ants . l<c)t t;t j Onal and cjuart i C cent.ri f ugal

di stortion constants j (JY t IIe vjl)rat.i ona~l gro~lt]cl st-at,e are

given i n Tab] e I .

‘J’he rotational [:ol>s;t ~iI)t$; lJi Lvc bc:eII USCCI  t o ca] C:UI at-e t,he

rO st, ructura] pclramet [Y:: of Oliro . ‘J)h Cy arc gj ven with data for

rel at. ecl mc)l ec:ul es ill ‘1’dh.l c 2 . [1’}le equilibri unl (Y<, ) st, ruct-ure

of OIlrO i s not- prec~l sc:ly l:now~l . l’he ],, bc)ncl 1 eng t.h and bond

angl c respective] y arc. c<; . 0. !) ]:)m and O .1 8“ SIIIa I 1 er than the ro

parameters, as estimat. ccl f rcm~ t he ch:mgcs of ]el at ccl

molecules. ‘J’he bonci :1 rngt 11 i rJ O]]ro i :; suk)st.il?]t  i e.1 1 y 1 arger

than i n OCI O, as expect ~’c”i . ‘1’])~ di f f ~l-el-JC!(’ i S Vc?ry  simi ~ar t.c)

that between Se02 and SO. . Ilowevcr, the boncl angle in OC1O is

smcal 1 er than i n S02, Vl]JC’1’C’FIS t])(’ C>li(> j yl ()}]]() i S, S1  i ghtl y

1 arg-er than i n Se02 .

‘J’he quarti c di E;t ort :; OH co~].’:t;-~nt s have Imcm used t.o

cal CU1 ate the harmoni c! f (.j:t-c:c! f i e] d c]f ol\rO . ‘J’}”Jc fc)rce

constants are alsc) give]) i TL ‘J’a”l):l e 2 t.c)get.he~- wi t-h those of

OCI.0, S02, and Se02. Thc d i agonal fc)~ c;e cc)~l~t:~nt s f, and fa

change f rcun OCI O to O}{ro by shout. the :;alne amount as from S02

to S(Q .

‘l’he f ine and hyl)erf  i ?Je (:c)]~st.tint s are i T] reascmabl e

agreement wi t,h those f YoIll lI:S1{ ~,t.uc”ii  Es; . [:)1 ~’h(?i r clet. ai 1 ed





Summa r y : The unstab] c ()}~:r  O ]c~d:i cal , wh~. ch mi gilt. p:l ay a rol e in

at.mospheri c chernis L1-.y, IJ<I. S IK!C]J ohscrved i n t.hc gas phase over

a SO] i d product of the () .{ 1\:r2 :f-eaCL; ol) . ~]rl(~c.r  c:c;r~ain

condi t.i ons 13r0, OBro, C;. )](”i 1~1 20 C:OU l-d bf? C)b S(’1” V~C]

simul taneously.
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F i g .  ~: D2t-ai 1 of the Sll])llli 1 :1 j ]lll:!~er :: PC!CL ru)(~ c)f tl]e brom~ ne

di oxi cle radj c:al . (1’he 311, ?(, - 30;, ~:, transi t ic)~l c)f CJHIBrC) in ‘Lhe

grouncl vi bratj onal stat [ (~ u:l 1  c:j~cl es) ancl of O-’%rO  in t h e

fj rst. excited bendi ng ][[cJ(Ic’ (c)pen c:i rc:l es ) a~-c j ndj cated. In

general each t.ransi t.i on ii] )pear:: a:; a dc)ubl et of quartets; see

text .



—-———... . . . . . . . . . . . . _______ . __________ ,. &___

()”’(’};l”() OF’] I\rC)
——.. -——-- .-. ----- --- - --— -------- — . ..--. ——- .-— .— ..- . ____

A 28 024.  !)3’/ [16 (2:13) 2’/ 824.891 27  (116)

c 6  3 4 5 . 4 3 3  34 (32) 6 33!)  .136 6 7  ( 3 5 )

l),,K -70. 6!)2 !) ( 33 ) - 6 9 . 9 8 0  8  ( 3 3 )

l)K 714.380  (2’/) ‘/04.391 (23)

d, -2.6:3’/ !)4:3 (:124) -2.642  ~55 (124)

d, -0.3!)6 !l !)!) (!)3) -(). 1!)6 8 0 - /  ( 5 4 )
-— —.- ——----- —. ___ .- . ______ ,- ..., _,, ___ -------
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Table ?,: Structural p:irt~lllet eY-S (pm, deg ) and IIarmoni c force

constants (N n-~ ) of ()}~r(j  i ]~ (:cjli~pari  sc)n w; th :t-el at. ecl compounds ,

——— —- . . . . . .-, . . . . . . . . . . . . .___. —___________ . . . .

OBro[ ~’] ()(.:\ o[i! ( 1 ~,eo)[~l) (?1 Soz[a ~1
-——..-——-.—- . . . . . . . . . - -. . . . . . ——- —_. .—._ .- . . .. —.— —

r 164.91 :]4,5.9[]4 1 6 0 .  ’ 7 6 1 4 3 . 0 8 0

f, 5 3 0 . 5 ‘/1 :1.0 705.’/ 3 0 3 0 . 4

f,, 9 9 . 5 13’/.2 135.”/ 168.0

f II - 3 . 1 2!).0 32.9 0 . 8

f 1<, - 4 . 1 :? . ‘/ 1 3 . 8 28.7
—..-——. . . ---- . . . . . . . . . . . . .—.. .--. ——. .--— .— - . .—— —

[al Rqui 1 i brj urn struct UYC . [1)1 !l’h~ s; work; T ,, structure.

[ c ]  Refs. [14, 13]. [ d ]  Rcfs. [~5, :16]. [C’:1 Rc!fs. [ 1 7 ,  1 4 ]  .
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